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Abst rac t  
An i n i t i a l  determinat ion of seven groups of f l i g h t s  
has  been made t h a t  may be s u i t a b l e  f o r  t h e  purposes of 
t h i s  study. Each of t hese  groups c o n s i s t s  of f l i g h t s  t h a t  
have been i n  o r b i t  and t r a n s m i t t i n g  f o r  a t  least  t h r e e  
months, are u n c l a s s i f i e d ,  and have s imilar  space environ- 
ments. 
Computer searches  have been performed t o  ob ta in  docu- 
ments on s i l i c o n  s o l a r  c e l l s  and on t h e  f l i g h t s  i n  t h e  seven 
groups mentioned above. A s  a r e s u l t ,  a number of documents 
have been obtained. 
Appropriate channels have been a sce r t a ined  and ind i -  
v idua l s  contacted t o  ob ta in  d a t a  on r a d i a t i o n  and thermal 
environments. These channels have been t e s t e d  by request-  
i n g  information on a r e s t r i c t e d  number of f l i g h t s  i n  order  
t o  determine the  e f f e c t i v e n e s s  and r a p i d i t y  by which in fo r -  
mation can be obtained.  
A genera l  coding procedure has  been devised t o  con- 
ven ien t ly  summarize and d i s p l a y  t h e  a v a i l a b i l i t y  of t h e  
information needed i n  t h i s  s tudy.  
A number of  p e r t i n e n t  documents have been obtained,  
and more are being received cont inua l ly .  
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I. In t roduct ion  
The purpose o f  t h i s  program is  t o  examine the  f l i g h t  
performance d a t a  f o r  s o l a r  c e l l  power systems i n  s a t e l l i t e s ,  
and t o  t r y  t o  r e l a t e  t h e  d i f f e r e n c e s  i n  performance t o  t he  
m a t e r i a l s  and manufacturing f a c t o r s  i n  the  s o l a r  c e l l  system. 
a group of f l i g h t s  whose space environments are a l l  s i m i l a r ,  
f o r  which s u f f i c i e n t  f l i g h t  performance d a t a  e x i s t s ,  and f o r  
which information on t h e  m a t e r i a l s  and manufacturing f a c t o r s  
i s  a v a i l a b l e .  For t he  s e l e c t e d  group of f l i g h t s ,  an attempt 
w i l l  be made t o  r e l a t e  t h e  d i f f e r e n c e s  i n  performance t o  
s p e c i f i c  m a t e r i a l s  o r  manufacturing parameters t h a t  may be 
expected t o  a f f e c t  performance. 
The genera l  method o f  approach c o n s i s t s  of s e l e c t i n g  
The work i s  divided i n t o  f o u r  gene ra l  phases defined 
by the  fol lowing o u t l i n e :  
Phase I: 
A.  
B. 
C. 
Phase 11: 
Phase 111: 
Phase I V :  
The 
C las s i fy  a l l  f l i g h t s  f rom 1957 through 1967 
according t o  t h e i r  space environment, s o  t h a t  
groups of f l i g h t s  with s i m i l a r  environment can 
be i d e n t i f i e d .  
Ascertain a v a i l a b i l i t y  of performance d a t a  
and m a t e r i a l s  and manufacturing parameters.  
Generate a coding procedure t o  f a c i l i t a t e  t h e  
recording and use of information gathered 
r e l a t i v e  t o  performance and m a t e r i a l s  and 
manufacturing f a c t o r s .  
S e l e c t  a group of  f l i g h t s  based on t h e  work i n  
Phase I. 
Acquire and systematize t h e  a c t u a l  da t a  needed 
f o r  t h e  f l i g h t s  s e l e c t e d  i n  Phase 11. 
Perform a n a l y s i s  t o  r e l a t e  m a t e r i a l s  and manu- 
f a c t u r i n g  f a c t o r s  t o  f l i g h t  performance of  t he  
s e l e c t e d  f l i g h t s .  
work i n  Phase I w a s  es t imated t o  requi re  s ix  months. 
Although the  work covered i n  t h i s  r e p o r t  covers t he  f i rs t  
th ree  months of t h e  con t r ac t  per iod,  Phase I i s  considerably 
more than ha l f  completed, s i n c e  a c t u a l  work w a s  begun before  
the  beginning da te  of t h e  cont rac t .  
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A space environment c l a s s i f i c a t i o n  scheme w a s  devised 
which permitted t h e  611 f l i g h t s  examined t o  be separated i n t o  
groups o f  s i m i l a r  environments and prel iminary dec i s ions  t o  
be made on t h e  s u i t a b i l i t y  o f  t hese  groups for t he  purposes 
o f  t h i s  study. 
t o  a s c e r t a i n  the  a v a i l a b i l i t y  of  da ta .  
Major  progress  has  been made i n  ga ther ing  information 
A coding procedure f o r  t h e  recording and use of the  
d a t a  has  been devised. 
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11. The F l i g h t  Se lec t ion  Problem 
Af te r  examination o f  t h e  Space P r o j e c t s  Log f r o m  1957 
t o  1968, which included approximately 611 e a r t h  s a t e l l i t e  
f l i g h t s ,  it was ev ident  t h a t  some of t he  f l i g h t s  were no t  
u s e f u l  f o r  t h e  purpose o f  c o r r e l a t i n g  s o l a r  power system 
performance with m a t e r i a l s  and manufacturing da ta .  Accord- 
i n g l y ,  t h e  f l i g h t s  were divided i n t o  t h r e e  c l a s s e s ,  which 
were def ined by t h e  fol lowing c r i t e r i a :  
Class # 1: 
a )  I n  o r b i t  and t r a n s m i t t i n g  d a t a  f o r  
t h r e e  months or more 
b )  P ro jec t  d i r e c t o r  NASA or DOD 
e )  Unclass i f ied .  
Class # 2 :  
a )  I n  o r b i t  and t r a n s m i t t i n g  f o r  t h ree  
months or more 
b )  P r o j e c t  d i r e c t o r  DOD 
e )  C la s s i f i ed .  
Class # 3:  
a )  Fa i l ed  t o  o r b i t  
b )  I n  o r b i t  and t r a n s m i t t i n g  less than 
t h r e e  months. 
It is  clear  t h a t  Class # 1 is the  m o s t  promising for 
our s tudy ,  and t h a t  Class # 3 is  unsui tab le .  Class # 2 may 
be s u i t a b l e ;  however, c learance procedures and the  time r e -  
quired t o  ob ta in  d a t a  f o r  c l a s s i f i e d  f l i g h t s  make it  d e s i r a -  
b l e  t o  avoid these  f l i g h t s  i f  poss ib le .  For tuna te ly ,  Class 
# 1 includes  over 200 f l i g h t s ,  and an appropr ia te  number of 
t hese  w i l l  probably be s u i t a b l e  f o r  t he  d e t a i l e d  m a t e r i a l s  
and performance study. It w a s  t he re fo re  decided t o  concen- 
t r a t e  on Class  # 1 f o r  t he  t i m e  being. These are l i s t e d  i n  
Table I. I n  t h e  event t h a t  t h e  number of  f l i g h t s  surv iv ing  
the  subsequent s e l e c t i o n  procedures i s  too  s m a l l ,  use of  
f l i g h t s  i n  Class # 2 w i l l  be reconsidered.  
The r a d i a t i o n ,  thermal and micrometeorite environments 
of  an e a r t h  s a t e l l i t e  are determined by f i v e  o r b i t a l  para- 
meters (pe r igee  P, apogee A ,  i n c l i n a t i o n  8 ,  period T ,  and 
calendar  y e a r ) .  I d e a l l y ,  t h e  s e l e c t e d  s e t  subjected t o  de- 
t a i l e d  s tudy  should include only f l i g h t s  f o r  which these  
parameters a r e  i d e n t i c a l .  Since t h i s  i s  no t  poss ib l e ,  it is  
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necessary t o  choose groups f o r  which the  o r b i t a l  parameters 
a r e  as  close t o g e t h e r  as poss ib l e  and l ead  t o  s i m i l a r  en- 
vironments. Since the  per igee and apogee determine t h e  
r a d i a t i o n  environment t o  a g r e a t  e x t e n t ,  t hese  parameters 
were used a s  an i n i t i a l  b a s i s .  
A l o t  o f  per igee vs. apogee f o r  t h e  Class # 1 f l i g h t s  
(F igure  1 P shows a number of  c l u s t e r s  along t h e  4-50 l i n e ,  and 
sugges ts  t h a t  a r a t i o n a l  s t a r t i n g  poin t  f o r  s e l e c t i n g  f l i g h t s  
with s imilar  environments can be chosen by de f in ing  f o u r  s e t s  
of o r b i t s .  I n  Figure 1, these  a r e  l abe led  I ( i n s i d e  o r b i t ) ,  
B ( f i r s t  b e l t  o r b i t ) ,  S (synchronous o r b i t )  and 0 (ou t s ide  
o r b i t ) .  1 o r b i t s  a r e  def ined as having per igee and apogee 
j u s t  i n s i d e  the  f irst  r a d i a t i o n  b e l t .  The cutoff  po in t  w a s  
chosen a s  700 mi les  because above t h i s  a l t i t u d e ,  both e l e c t r o n  
and proton fluxes inc rease  very r a p i d l y  with a l t i t u d e  from 
n e g l i g i b l e  t o  q u i t e  s i g n i f i c a n t  values .  A t  p r e sen t ,  t h i s  cut-  
o f f  po in t  is  a r b i t r a r y .  When a f i n a l  f l i g h t  s e l e c t i o n  is  made, 
t h e  boundaries de f in ing  each s e t  of o r b i t s  w i l l  be reconsidered. 
The B o r b i t s  a r e  def ined by the  c l u s t e r  i n  Figure 1 a t  
about 2000 mi les .  This region i s  close t o  t he  maximum of  t he  
first r a d i a t i o n  b e l t  and contains  a f l u x  o f  about 1010 protons/ 
cm2 day and 1012-1013 electrons/cm2 day. 
The S o r b i t s  a r e  those f o r  synchronous geos ta t ionary  
f l i g h t s ,  while t h e  0 o r b i t s  a r e  beyond the  r a d i a t i o n  b e l t s .  
Tables I through V l i s t  t h e  Class # 1 f l i g h t s  i n  the  
f o u r  o r b i t a l  c l a s s e s  def ined above, along with the  f o u r  o r b i t a l  
parameters f o r  each f l i g h t .  
For each o r b i t a l  c l a s s ,  it i s  necessary t o  examine t h e  
per iod and i n c l i n a t i o n  i n  order  t o  search f o r  f l i g h t s  with 
s imilar  t o t a l  o r b i t a l  des igna t ion  ( p e r i g e e ,  apogee, period 
and angle of i n c l i n a t i o n ) .  This w a s  done by p l o t t i n g  angle 
of i n c l i n a t i o n  vs .  per iod i n  F igures  2 - 6. 
A cons idera t ion  of t he  f l i g h t s  i n  each of t he  o r b i t a l  
classes, based on t h e  c lass i f  i c a t i o n  scheme given above, re- 
vealed t h e  fol lowing c h a r a c t e r i s t i c s  f o r  each o r b i t a l  c l a s s :  
A.  I O r b i t s  
(1) There are many f l i g h t s  i n  the  in s ide  o r b i t s  
( s i x t y - f i v e ) .  This i s  a decided advantage 
f o r  our  study. 
( 2 )  Twenty-four o f  t h e  f l i g h t s  a r e  NASA d i r ec t ed .  
( 3 )  P a r t i c l e  r a d i a t i o n  damage is minimal s ince  
t h e  f l i g h t s  are below t h e  m a x i m a  i n  t h e  
f i rs t  r a d i a t i o n  b e l t .  
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Because of  t h e  l o w  o r b i t ,  t h e  thermal cycle 
is  one of apprec iab le  changes i n  temperature 
over t imes measured i n  minutes.  This may 
have s i g n i f i c a n t  e f f e c t s  on s o l a r  c e l l  per -  
formances. 
Because of (4), t h e  angle of i n c l i n a t i o n  0 
and t h e  per iod T a r e  important parameters. 
Any m a t e r i a l s  s tudy  based on I o r b i t s  should 
only include f l i g h t s  whose T and Q a r e  s i m i -  
l a r .  
There a r e  two groups of  f l i g h t s  with a l l  
o r b i t a l  parameters similar:  t h e  group a t  
8 ~ 3 2 0  and t h e  group a t  Q W O O .  The first 
roup contains  twelve ( 1 2 )  f l i g h t s ,  e i g h t  7 8 )  of  which a r e  NASA f l i g h t s ;  t he  second 
group contains  f i f t e e n  ( 1 5 ) ,  none of which 
a r e  NASA f l i g h t s .  These groups w i l l  be 
l abe led  I( 3 2 )  and I( 70) r e spec t ive ly .  
There is a group o f  seven ( 7 )  f l i g h t s  a t  
Q&O0 with T v a r  ing  f rom 9 1  t o  105 minutes,  
varying f r o m  about &go t o  60°. These groups 
w i l l  be l abe led  I(80) and I ( 5 5 )  r e spec t ive ly .  
and a group of  t K i r t e e n  (13)  f l i g h t s  with Q 
B. B O r b i t s  
(1) These a r e  a l l  i n  a heavy r a d i a t i o n  environment. 
( 2 )  The group conta ins  twelve ( 1 2 )  f l i g h t s ,  
none of which a r e  NASA d i r e c t e d .  Nine ( 9 )  
a r e  USAF and t h r e e  ( 3 )  a r e  USN f l i g h t s .  
have s i m i l a r  0 and T ,  wi th  0~900. 
( 3 )  Eleven (11) of  t h e  twelve ( 1 2 )  f l i g h t s  
( 4 )  These po la r  o r b i t s  pass i n  and out of t h e  
maxima of t h e  f irst  r a d i a t i o n  b e l t ,  and 
t h e r e f o r e ,  t h e  r a d i a t i o n  environment, as 
w e l l  as t h e  thermal environment, v a r i e s  
during each revolu t ion  of  t h e  s a t e l l i t e .  
C .  S O r b i t s  
(1) This group conta ins  twenty-seven (27)  
veh ic l e s ,  t h r e e  (3) of which a r e  NASA 
f l i g h t s .  S ix teen  (16)  of t h e  f l i g h t s  
a r e  a t  W O O  and s ix  ( 6 )  are a t  Q s 3 7 O .  
( 2 )  Philco-Ford i s  performing a s o l a r  c e l l  
degradat ion s tudy  of f i f t e e n  ( 1 5 )  members 
o f  t h i s  group. This would be a d e f i n i t e  
advantage f o r  our study. 
( 3 )  For a t  leas t  s ix  ( 6 )  of  t h e s e  f l i g h t s ,  
t h e  thermal environment has  been e s t i -  
mated a n a l y t i c a l l y  by Hughes A i r c r a f t  
Company. This a l s o  i s  a d e f i n i t e  ad- 
vantage f o r  our study. 
(4) Hughes has  examined the  expected s o l a r  
c e l l  degradat ion t o  be expected f r o m  
t h e  synchronous r a d i a t i o n  environment. 
( 5 )  For a t  l e a s t  six ( 6 )  o f  t hese  f l i g h t s ,  
t he  only te lemetered d a t a  concerning 
so la r  c e l l s  i s  the  bus vol tage.  More 
extensive d a t a  would be d e s i r a b l e .  
D .  0 O r b i t s  
(1) These a l l  have a f l a t  thermal cycle.  
( 2 )  There a r e  e i g h t  ( 8 )  s a t e l l i t e s  i n  t h i s  
group, a l l  of which a r e  nuc lea r  de t ec t ion  
tes t  s a t e l l i t e s  d i r e c t e d  by USAF. 
( 3 )  There is no subgroup with s i m i l a r  0 ;  t h e  
0 values  range f r o m  32 t o  41°. However, 
a t  t hese  a l t i t u d e s ,  such a v a r i a t i o n  i n  
8 is  probably not  important.  
def ine  the  fo l lowing  groups of f l i g h t s  a s  having s imilar  
o r b i t a l  parameters:  I ( 3 2 ) ,  I ( 5 5 ) ,  I(70), I(80), B(9O), S ( 0 )  
and o ( 3 6 ) .  
From the  above c l a s s i f i c a t i o n  scheme, we a r e  l e d  t o  
We have p rov i s iona l ly  separated t h e  I f l i g h t s  i n t o  f o u r  
subgroups, each with a d i f f e r e n t  8. However, f u r t h e r  a n a l y s i s  
is  requi red  t o  determine i f  t h i s  s epa ra t ion  is  t o  be r e t a ined .  
In p a r t i c u l a r ,  d e t a i l e d  a n a l y s i s  of t h e  r a d i a t i o n  and thermal 
environment i s  needed t o  decide whether o r  not  t h e  I ( 8 0 )  f l i g h t s  
must indeed be separated f r o m  t h e  I(70) f l i g h t s ,  or whether they  
can be lumped toge the r .  A l s o ,  more work must be done t o  de- 
termine t h e  environmental  v a r i a t i o n  ( p a r t i c u l a r l y  wi th  r e spec t  
t o  temperature) among t h e  I ( 5 5 )  f l i g h t s .  
i n d i c a t e  t h a t  most  of them have an angle  of i n c l i n a t i o n  o f  00. 
W e  expect t h a t  those with 0 ~ 7 ~  have environments s imilar  t o  
those a t  Oo and w i l l  be included i n  t h e  S(0) group. 
The f l i g h t s  i n  t h e  S o r b i t s  have been labe led  S(0) t o  
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Although t h e  8 values  for t h e  0 f l i g h t s  vary f r o m  
3 2 O  t o  41°, we expect t h a t  t h i s  does not  produce s i g n i f i -  
cant v a r i a t i o n s  among t h e i r  environments,  s ince  these  
s a t e l l i t e s  are very f a r  f r o m  e a r t h ,  and a l l  0 f l i g h t s  w i l l  
probably be considered a s  one environmental  group. 
equivocal  choice as t o  which of  t he  above groups or combi- 
n a t i o n s  of groups is  b e s t  s u i t e d  f o r  our study. However, 
some s ta tements  as t o  r e l a t i v e  d e s i r a b i l i t y  can be made. 
A t  t h i s  p o i n t ,  it is  not  poss ib l e  t o  make an un- 
The 0 group, f o r  example, contains  only e i g h t  members. 
This sample is  a l r eady  a small  one,  and any f u r t h e r  reduct ion 
t h a t  may a r i s e  f r o m  t h e  u n s u i t a b i l i t y  of te lemetered d a t a  or 
u n a v a i l a b i l i t y  o f  m a t e r i a l s  d a t a  may s e r i o u s l y  impair t h e  
value o f  any f i n a l  conclusions.  
The B group has  a somewhat l a r g e r  membership. Eleven 
of t hese  f l i g h t s  ( 8 ~ 9 0 ~ )  have s i m i l a r  o r b i t a l  environments. 
These f l i g h t s  a r e  o f  i n t e r e s t  s i n c e  they  a r e  i n  a r e l a t i v e l y  
heavy r a d i a t i o n  environment. However, t he  va r i ab le  thermal 
cycle is  not  n e g l i g i b l e  even a t  t h e s e  a l t i t u d e s ,  and some 
d i f f i c u l t y  may be experienced i n  s o r t i n g  out  the  e f f e c t s  o f  
r a d i a t i o n  and of thermal v a r i a t i o n s .  This ,  coupled with the  
f a c t  t h a t  eleven i s  n o t  a very l a r g e  number makes t h i s  group 
somewhat l e s s  than an optimum choice.  
The S group is  an a t t r a c t i v e  one f o r  s e v e r a l  reasons.  
The o r b i t s  a r e  very s i m i l a r ,  and t h e r e  a r e  twenty-seven 
veh ic l e s  i n  S o r b i t s .  Also, t hese  f l i g h t s  are t h e  sub jec t  
of  s t u d i e s  by o t h e r  organiza t ions .  These s t u d i e s  w i l l  be 
u s e f u l  t o  us  and may be thought of  a s  a t  l e a s t  p a r t i a l l y  
complementary t o  ours. However, t h e  thermal cycle i s  f l a t ,  
and t h e  r a d i a t i o n  f lux  i s  no t  extremely high;  t h u s ,  m a t e r i a l s  
e f f e c t s  from t h e s e  sources  should be smal le r  than i n  lower  
o r b i t s .  
The I group i s  t h e  l a r  e s t  of a l l .  It contains  f o u r  
subgroups ( € k 3 2 O ,  Q x 5 5 O ,  Q W O  5 and @%SOo) with 1 2 ,  13, 19 
and 7 members r e s p e c t i v e l y ,  it has  a s i g n i f i c a n t l y  varying 
thermal cyc le ,  and r a d i a t i o n  e f f e c t s  a r e  considerably l e s s  
than i n  the  B o r b i t s .  
While we propose no s e l e c t i o n  among these  groups a t  
t he  present  t ime, t h e  above cons idera t ions  may be used t o  
determine t h e  o rde r  i n  which we examine the  d e t a i l e d  d a t a  
f o r  t h e s e  groups. Accordingly, such examinations w i l l  begin 
with t h e  f o u r  subgroups of t h e  I f l i g h t s ,  and S f l i g h t s ,  and 
then proceed t o  t h e  B and 0 f l i g h t s .  
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I n  Tables I1 - I V ,  t h e  f l i g h t s  o f  i n t e r e s t  f o r  t h i s  
examination a r e  l i s t e d  along with o r b i t a l  da t a .  They include 
t h e  f o u r  subgroups of I o r b i t s  with angles  of i n c l i n a t i o n  a t  
8 x 3 2 0 ,  8 ~ 5 5 0 ,  8 a 7 O O  and 8 ~ 8 0 0 ;  t h e  eleven B f l i g h t s  a t  825900, 
a l l  S f l i g h t s  with 8 ~ 0 0  - 80, and 0 f l i g h t s  (8-320 - &lo). 
These a r e  designated I( 3 2 ) ,  I( 5 5 ) ,  I ( 7 0 ) ,  I( 80)  , B(9O), S(0) 
and O( 36) r e spec t ive ly .  
From the  method of s e l e c t i o n ,  it is  c l e a r  t h a t  t h e  
choice o f  t he  seven s e t s  o f  f l i g h t s  j u s t  mentioned is  an 
optimum one f o r  c o l l e c t i n g  f l i g h t s  with s imilar  environments, 
and any o t h e r  choice would group the  f l i g h t s  i n t o  environ- 
ments t h a t  were l e s s  uniform f o r  each group. However, it 
must be s t r e s s e d  t h a t  f o r  each of t he  groups def ined above, 
t he  environment of t he  so la r  c e l l  assemblies  s t i l l  vary f rom 
one f l i g h t  t o  another.  This  v a r i a t i o n  depends on t i m e  of 
o r b i t  because of t h e  temporal v a r i a t i o n s  o f  t he  r a d i a t i o n  
environment, t h e  v a r i a t i o n  of t h e  phys ica l  configurat ion of 
t h e  s o l a r  c e l l  assemblies ,  and the  v a r i a t i o n s  a r i s i n g  f r o m  
d i f f e r e n t  parking ( t r a n s f e r )  o r b i t s .  The ex ten t  and e f f e c t s  
of  t h i s  v a r i a t i o n  r e q u i r e s  f u r t h e r  a n a l y s i s .  
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111. Information and Data Gathering 
An important t a s k  i n  Phase I o f  t h i s  s tudy i s  t o  ascer -  
t a i n  t h e  a v a i l a b i l i t y  o f  information dea l ing  with environment, 
procurement s p e c i f i c a t i o n s ,  f l i g h t  performance, t e s t i n g  and 
m a t e r i a l s  and manufacturing da ta .  The a v a i l a b i l i t y  of  t h i s  
information w i l l ,  of course,  s t rong ly  inf luence  t h e  choice o f  
t he  groups t o  be s tud ied  i n  d e t a i l .  
ga ther ing  
A.  
The s t e p s  by which we a r e  pursuing t h e  information 
i s  t h e  fol lowing:  
Search f o r  NASA documents dea l ing  with s i l i c o n  
so la r  c e l l s  us ing  t h e  computer f a c i l i t y  a t  t h e  
NASA S c i e n t i f i c  and Technical Information F a c i l i t y .  
B. 
C.  
D .  
E .  
Search f o r  u n c l a s s i f i e d  DOD documents dea l ing  
wi th  s i l i c o n  s o l a r  c e l l s  using t h e  computer 
f a c i l i t y  a t  t h e  Defense Documentation Center. 
Examine l i s t s  obtained f r o m  t h e  computer searches  
f o r  documents d e a l i n g  with f l i g h t s  i n  t h e  I, B ,  S 
and 0 groups. 
Obtain t h e  documents l i s t e d  f r o m  C above. 
Obtain thermal and r a d i a t i o n  environmental  d a t a  
as descr ibed below. 
1. Computer Search o f  L i t e r a t u r e  
Two computer search  f a c i l i t i e s  were used t o  ob ta in  
a broad coverage of  u n c l a s s i f i e d  r e p o r t s  r e l a t i n g  t o  
s i l i c o n  s o l a r  c e l l s  i n  spacec ra f t .  
a )  NASA S c i e n t i f i c  & Technical Information Division 
P. 0. Box 33 
College Park,  Maryland 20740 
(Mr. P h i l i p  Ecker t )  
b )  Defense Documentation Center 
Cameron S t a t i o n  
Alexandria,  V i r  i n i a  22314 
( M r .  Thomas Lin 7 
Using both NASA and DOD f a c i l i t i e s ,  it w a s  hoped t h a t  
a l l  s i g n i f i c a n t  published documents could be obtained 
i n  t h i s  way. Af t e r  considerable  d iscuss ions  with t h e  
ind iv idua l s  mentioned above t h e  fo l lowing  computer 
searches  were performed: 
-9- 
A broad coverage search  using l lS i l icon  
So la r  Cell" a s  an i d e n t i f i e r  i n  both 
f a c i l i t i e s .  
A s p e c i f i c  search  a t  both f a c i l i t i e s  i n  
which information was sought on f i n a l  
f l i g h t  r e p o r t s ,  vendor r e p o r t s  on manu- 
f a c t u r e  and t e s t i n g  of s o l a r  c e l l  panels  
and spacec ra f t  power supply,  and f l i g h t  
performance. 
t he  s p e c i f i c  computer s ea rch ,  t h e  names of t h e  
NASA and DOD f l i g h t s  i n  the  I, B,  S and 0 f l i g h t s  
were submitted and appropr ia te  i d e n t i f i e r s  were used 
with the  f l i g h t  name t o  perform the  search.  
Af t e r  c a r e f u l  review of  t h e  a b s t r a c t s  o f  a l l  docu- 
ments c i t e d ,  t h e  papers having relevance t o  t h i s  
s tudy  were ordered through NASA and DDC Clearinghouses.  
Table V I  shows t h e  number of documents c i t e d ,  order- 
ed and received a s  a r e s u l t  o f  t hese  searches up t o  
December 2 ,  1968. 
2 .  DOD F l i g h t  Documentation 
A l i s t  of a l l  DOD sponsored f l i g h t s  f r o m  t h e  I ,  B ,  
S and 0 groups was prepared and s e n t  t o  L t .  Steve 
Lacey, SAMSO, Los  Angeles, Ca l i fo rn ia .  We had ar- 
ranged f o r  L t .  Lacey t o  provide us  with the  names of 
i nd iv idua l s  i n  t h e  DOD or i n  i ndus t ry  who had r e -  
s p o n s i b i l i t y  f or, or who possessed information re- 
l a t i n g  t o ,  s i l i c o n  so la r  c e l l s  and solar  panels  used 
on these  f l i g h t s .  A r e p l y  has  no t  ye t  been obtained.  
When these  names a r e  known, t h e  a v a i l a b i l i t y  of  t h e  
des i r ed  d a t a  w i l l  be a sce r t a ined .  
3.  NASA F l i g h t  Documentation 
A l i s t  of NASA sponsored f l i g h t s  f o r m  I,  B ,  S ,  
and 0 o r b i t s  was s e n t  t o  Mr. Robert Ziemer, Deputy 
Ass i s t an t  D i rec to r  o f  P ro jec t s .  Mr. Ziemer agreed 
t o  supply us with t h e  names of NASA people and 
vendors who were a s soc ia t ed  with t h e  s o l a r  c e l l  and 
s o l a r  panel development and procurement f o r  these  
f l i g h t s .  I n  p a r t i c u l a r ,  we asked f o r  t he  names of 
people who could supply us  wi th  the  fol lowing kinds 
of information: 
a )  Detai led manufacturing and materials 
information 
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b )  t e s t  and eva lua t ion  d a t a  
c )  environmental  d a t a  
d )  f l i g h t  performance da ta .  
When t h i s  l i s t  is  obta ined ,  t he  vendors and NASA 
personnel w i l l  be contacted t o  determine t h e  
a v a i l a b i l i t y  of  t h e  information mentioned above. 
4. Radiat ion Environment Data 
F o r  t h e  p a s t  e i g h t  yea r s ,  t he  Laboratory f o r  
Theore t ica l  S tud ie s  a t  Goddard Space F l i g h t  Center 
has  ca l cu la t ed  r a d i a t i o n  environments f o r  var ious 
f l i g h t s .  The r e s u l t s  a r e  a v a i l a b l e  and can be ob- 
t a i n e d  by making a reques t  through appropr ia te  NASA 
channels.  If a f l i g h t  f o r  which a reques t  is  made 
has  n o t  been t h e  s u b j e c t  o f  a previous r a d i a t i o n  
environment a n a l y s i s ,  it can be performed with t h e  
fo l lowing  information: 
a )  C i rcu la r  O r b i t s  - a l t i t u d e ,  i n c l i n a t i o n ,  
epoch, vehic le  and f l i g h t  name. 
b )  E l l i p t i c a l  O r b i t s  - per igee ,  apogee, per iod ,  
i n c l i n a t i o n ,  epoch, vehic le  and f l i g h t  name. 
The accuracy of  such c a l c u l a t i o n s  i s  wi th in  a f a c t o r  
of  2 or 3.:k 
Sample d a t a  of r a d i a t i o n  environments f o r  a 
sampling o f  f l i g h t s  f r o m  each o f  t he  f o u r  f l i g h t  
subgroups were requested through our t e c h n i c a l  
monitor f o r  t h e  fo l lowing  reasons:  
a )  The f o r m  o f  t h e  d a t a  can be a sce r t a ined  
a t  an e a r l y  s t age .  
b )  The error l i m i t s  can be determined. 
c )  The time involved i n  ob ta in ing  t h e  d a t a  
w i l l  be u s e f u l  i n  planning Phase I11 of  
our  s tudy.  
d )  Verify na tu re  of input  d a t a  requi red  t o  
ob ta in  these  r a d i a t i o n  s t u d i e s .  
:kE. Stassinopoulos  - p r i v a t e  communication. 
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The fol lowing f l i g h t s  and information were 
suppl ied t o  Mr. E. G .  Stassinopoulos:  
FLIGHTS 
I O r b i t s  
Name I n t n ' l .  Desig. Agency Launch Date 
1. TIROS 8 1963 54 A NASA 12/21/63 
Perigee 4-30 m i l e s  
Apogee 473 mi l e s  
Period 99.3 minutes 
I n c l i n a t i o n  58.5 degrees  
2.  NONE 1 9 6 2 x 1  USAF 5/15/62 
Perigee 180 mi l e s  
Apogee 4.01 miles  
Period 94.0 minutes 
I n c l i n a t i o n  82.5 degrees  
S O r b i t s  
1. ATS 1: 1966-11OA N A S A  12/6/66 
Perigee 22 ,277  mi les  
Apogee 22,920 mi les  
Period 660 minutes 
I n c l i n a t i o n  0 .2  degrees  
:What information is  a v a i l a b l e  f o r  t he  parking o r b i t  
of  t h i s  mission? 
2.  IDCSP 16::: 1967 66B USAF 7/1/67 
Perigee 20,509 mi les  
Apogee 20,846 mi les  
Period 1309.8 minutes 
I n c l i n a t i o n  7.2 degrees  
:k What information is  a v a i l a b l e  for t h e  parking o r b i t  
of t h i s  mission? 
0 O r b i t s  
1. There is  no NASA f l i g h t  i n  t h i s  subgroup 
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FLIGHTS ( continued) 
0 O r b i t s  (cont inued)  
Name I n t n ' l .  Desig. Agency Launch Date 
2.  VELA 3;:: 1964 40 A USAF 7/17/64 
Perigee 63,369 mi l e s  
Apogee 65,024 mi l e s  
Period 100.3 hours  
I n c l i n a t i o n  39.5 degrees  
;k What information is  a v a i l a b l e  f o r  t h e  parking o r b i t  
of  t h i s  mission? 
B O r b i t s  
1. There i s  no N A S A  f l i g h t  i n  t h i s  subgroup. 
2.  LES 1 1965 8C USAF 2/11/65 
Perigee 1726 mi les  
Apogee 1744 mi les  
Period 147.7 minutes 
I n c l i n a t i o n  32 .2  degrees  
The r e s u l t s  have not  y e t  been received. 
When a f i n a l  s e l e c t i o n  of  a f l i g h t  group i s  made i n  
Phase I1 of  t h i s  s tudy ,  it may be d e s i r a b l e  t o  use t h e  
same r a d i a t i o n  model t o  c a l c u l a t e  t he  environments s o  
a s  t o  avoid apparent  d i f f e r e n c e s  i n  r a d i a t i o n  environ- 
ments due t o  t he  use o f  d i f f e r e n t  models. When a 
s i n g l e  model i s  used, t h e  conclusions r e l a t i n g  t o  
e f f e c t s  of t h e  environment w i l l  be as v a l i d  a s  t h e  
r a d i a t i o n  environment model but w i l l  not  include 
e r r o r s  generated by t h e  use of  d i f f e r e n t  model environ- 
ments. 
5 .  Thermal Environmental Data 
The d e t a i l e d  thermal environment f o r  NASA f l i g h t s  
and f o r  some DOD f l i g h t s  can be obtained from t h e  
Thermal Physics Branch by contact ing:  
M r .  Milton Schach, Branch Chief 
Thermal Physics Branch 
Goddard Space F l i g h t  Center 
Greenbel t ,  Maryland 20771 
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The members of t h i s  group have computed so l a r  panel 
temperatures f o r  many f l i g h t s .  Also,  d a t a  is  a v a i l a -  
b l e  of a c t u a l  panel temperatures  during t h e  mission 
although t h i s  information is  r a r e l y  published. We 
do not  a n t i c i p a t e  s e r i o u s  d i f f i c u l t y  i n  ob ta in ing  
these  d a t a  f o r  t h i s  group o f  f l i g h t s  s e l e c t e d  i n  
Phase 11. 
A s e l e c t e d  group o f  s i x  f l i g h t s  were s e n t  t o  t he  
Thermal Physics Branch t o  determine t h e  na ture  and 
a v a i l a b i l i t y  of t hese  d a t a  f o r  reasons s i m i l a r  t o  
those under r a d i a t i o n  environmental  da t a .  This l i s t  
was a s  f o l l o w s :  
1. 
2.  
3 .  
4. 
5 .  
6. 
To 
1. 
2.  
3 .  
I n t e r n a t i o n a l  
Name Designation Agency Launch Date 
TIROS 8 1963 54A NASA 12/21/67 
NONE 1962 1 USAF 5 /15  /62 
ATS 1 1966 l l O A  NASA 12/6/66 
IDCSP 1967 66B USAF 7/1/67 
VELA 3 1964 40A USAF 7/17/64 
LES 1 1965 8C USAF 2/11/65 
d a t e ,  t h e  r e p l i e s  t o  t h i s  reques t  were: 
TIROS 8 - Contact Mr. Ralph S c o t t ,  RCA-AED 
(Th i s  was done but t o  da t e  t h e r e  has  been 
ATS 1 - Cel l  temperature 1 5 O C  + 5 O C  except 
when s a t e l l i t e  i s  i n  e a r t h ' s  sEadow. Then 
t h e  temperature drops t o  - 8 O O C  i n  a per iod 
o f  70 minutes.  (Note:  If t h i s  is  t y p i c a l  
o f  t h e  response,  it may no t  be s u f f i c i e n t . )  
no r ep ly . )  
VELA 3 - Contact Mr. James Moses, TRW Systems. 
(Th i s  w a s  done and temperature as a func t ion  
of "sun look an leT1 w a s  obtained with an 
s u f f i c i e n t ,  complete documentation i s  availa- 
b l e  upon f u r n i s h i n g  a need-to-know.) 
accuracy of  + 4 8 G .  Although t h i s  i s  not  - 
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4. LES 1 - Contact Lincoln Labora tor ies .  
(Th i s  w a s  done through a M r .  Donald C .  
Mac Lelland. W e  were informed t h a t  
temperature d a t a  i s  a v a i l a b l e  a f t e r  we 
e s t a b l i s h  a need-to-know. ) 
5.  No comment made concerning numbers 2 and 4 above. 
Although t h e  r e s u l t s  o f  t h i s  prel iminary at tempt  leave  
something t o  be d e s i r e d ,  it is  f e l t  t h a t  where neces- 
s a r y ,  t he  need-to-know can be e s t a b l i s h e d  and d e t a i l e d  
temperature d a t a  can be obtained f o r  t h e  se l ec t ed  
group o f  f l i g h t s .  
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I V .  C l a s s i f i c a t i o n  Codes 
To f a c i l i t a t e  t h e  handl ing and a p p l i c a t i o n  of t h e  
information obtained f o r  use i n  t h i s  s tudy ,  it w a s  decided 
t o  use t h e  device of coded forms. Two types  of codes w i l l  
be used: a gene ra l  code t o  record  q u a l i t a t i v e l y  the gene ra l  
a v a i l a b i l i t y  of d a t a ,  and sub-codes r e f e r r i n g  t o  t h e  a v a i l a -  
b i l i t y  of s p e c i f i c  da t a .  
The gene ra l  code and i t s  d i c t i o n a r y  are shown as Form 
C-01 and Form C-02 r e spec t ive ly .  The code conta ins  f i v e  
ca t egor i e s ;  environmental d a t a ,  procurement s p e c i f i c a t i o n s ,  
performance d a t a ,  t e s t s  f o r  acceptance and materials and 
manufacturing da ta .  
From an  examination of a v a i l a b l e  documents, a dec i s ion  
w i l l  be made on t h e  a v a i l a b i l i t y  of d a t a  f o r  each of t h e  
e n t r i e s  f o r  t hese  f i v e  ca tegor ies .  If t h e  dec i s ion  i s  posi-  
t i v e ,  t h e  appropr i a t e  e n t r y  l e t t e r  w i l l  be c i r c l e d .  
For a number of t h e s e  e n t r i e s ,  such as those under 
materials and manufacturing d a t a ,  each e n t r y  r ep resen t s  a 
considerable  number of s epa ra t e  i tems.  Therefore,  a sub- 
code is  being devised f o r  each e n t r y  r ep resen t ing  mul t ip l e  
d a t a  t o  record the  a v a i l a b i l i t y  o f  t h e  s p e c i f i c  da t a .  
Once t h e  code f o r m s  have been completed, t hey  w i l l  
provide a convenient t o o l  t o  d i s p l a y  and compare t h e  e x t e n t  
o f  information a v a i l a b l e  f o r  t h e  var ious  f l i g h t s .  
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Form C-01 
DATA AVAILABILITY CODE - PHASE I 
CARA F l i g h t  Number 
F l i g h t  Name 8c I n t e r n a t i o n a l  Designation 
M - T - P - SP - sc -E - 
M W W PC M C 
T F F PV R I 
R M M I V  T M 
0 T T S C C  E F 
R R ocv A 
P P FF D 
0 0 MPP 
TS 
DIRECTIONS: 
1. See Master Chart (Form C-02) f o r  L e t t e r  I d e n t i f i c a t i o n  
2.  Ci rc le  L e t t e r  When Information i s  Available 
3. Write lrATT Under L e t t e r  When E i t h e r  t he  Document 
Containing Information i s  i n  CARA Off ice  or When 
Person Holding Information i s  Known. 
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Form C-02 
MASTER CHART: Dictionary for Form C-01 
SC (Procurement Speci- 
E (Environmental) fications for Cells) 
M (Mechanical) W (Weight) 
T (Thermal) F (Fabrication) 
R (Radiation) D (Mounting and 
0 (Orbit 
Deployment) 
De script ion) M (Mechanical) 
T (Thermal) 
R (Radiation) 
P (Power) 
0 (Operation 
Schematic Details) 
T (Tests for 
P ( Performance) Acceptance ) 
PC (Panel Control) M (Mechanical) 
PV (Panel Voltage) R (Radiation) 
IV (Current vs. T (Thermal) 
Voltage 1 u -  
E (Efficiency) 
SCC (Short Circuit 
Current ) 
OCV (Open Circuit 
Voltage) 
FF (Fill Factor) 
SP (Procurement Speci- 
f ications for Panels) 
W (Weight) 
F (Fabrication) 
D (Mounting and 
Deployment) 
M (Mechanical) 
T (Thermal) 
R (Radiation) 
P (Power) 
O (Operation 
S chemat i c Details ) 
M (Materials and 
Manufacturing ) 
C (Cell Construction 
Details) 
MT (Cell Materials) 
I (Interconnections) 
M (Cell Mounting) 
F (Frame Construction 
and Materials) 
A (Attachment of Panel) 
D (Deployment) 
MPP (Maximum Power 
Point) 
TS (Telemetry 
Specifications) 
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V. Summary 
An i n i t i a l  determinat ion of  seven groups of f l i g h t s  
has  been made t h a t  may be s u i t a b l e  f o r  t h e  purposes o f  t h i s  
study. Each o f  t hese  groups c o n s i s t s  o f  f l i g h t s  t h a t  have 
been i n  o r b i t  and t r a n s m i t t i n g  f o r  a t  l e a s t  t h r e e  months, 
a r e  u n c l a s s i f i e d ,  and have similar space environments. 
Computer searches  have been performed t o  ob ta in  docu- 
ments on s i l i c o n  so l a r  c e l l s  and on t h e  f l i g h t s  i n  t h e  seven 
groups mentioned above. A s  a r e s u l t ,  a number of documents 
have been obtained. 
Appropriate channels have been a sce r t a ined  and ind i -  
v idua l s  contacted t o  ob ta in  d a t a  on r a d i a t i o n  and thermal 
environments. These channels have been t e s t e d  by reques t ing  
information on a r e s t r i c t e d  number of  f l i g h t s  i n  o rde r  t o  de- 
termine t h e  e f f e c t i v e n e s s  and r a p i d i t y  by which in f  o m a t i o n  
can be obtained. 
A genera l  coding procedure has  been devised t o  con- 
ven ien t ly  summarize and d i s p l a y  the  a v a i l a b i l i t y  o f  t he  
information needed i n  t h i s  study. 
A number of p e r t i n e n t  documents have been obtained,  
and more a r e  being received cont inua l ly .  These a r e  being 
examined and p e r t i n e n t  a v a i l a b i l i t y  of  d a t a  w i l l  be en tered  
i n  t h e  gene ra l  code fo rm.  
Work f o r  t he  immediate f u t u r e  w i l l  include a continu- 
a t i o n  o f  information ga the r ing ,  completion o f  sub-coding 
procedures f o r  the  a v a i l a b i l i t y  o f  s p e c i f i c  information,  
examination of  documents obtained,  and e n t e r i n g  t h e  a v a i l a -  
b i l i t y  of d a t a  i n t o  t h e  code f o r m s  f o r  purposes of d i s p l a y  
and comparison. It i s  expected t h a t  Phase I of t h i s  s tudy 
w i l l  be completed wi th in  t h e  next  q u a r t e r .  
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TABLE I 
LOG OF 1958-68 SPACE PROJECTS - CLASS # 1 
NAME 
EXPLORER 1 
VANGUARD 1 
EXPLORER 4 
PIONEER 4 
EXPLORER 7 
DISCOVERER 8 
TIROS 1 
TRANSIT 1B 
TRANSIT 2 A  
SOLRAD 1 
PIONEER 5 
TIROS 2 
DISCOVERER 18 
SAMOS 2 
DISCOVERER 20 
DISCOVERER 2 1  
DISCOVERER 23 
EXPLORER 11 
TRANSIT 4A 
I N J U N  1/ 
SOLRAD 3 
DISCOVERER 26 
I N T ' L .  
DESIG. 
1958 A 1  
1958 B2 
1958 E l  
1959 N 1  
1959 11 
1959 A 1  
1960 B2 
1960 1-2 
1960 H 1  
1960 H2 
1960 A 1  
1960 I11 
1960 C1 
1961 A 1  
1961 E l  
1961 Z1 
1961 A 1  
1961 N 1  
1961 01 
1961 02  
1961 111 
PRO J . 
D I R .  
USA 
U SN 
ARPA 
NASA 
NASA 
USAF 
N A S A  
ARPA 
USN 
USN 
N A S A  
NASA 
USAF 
USAF 
USAF 
USAF 
USAF 
NASA 
USN 
USN 
USAF 
DATE 
1/31/58 
3/17/58 
7/26/5 8 
3/3/59 
10/13/59 
11/20/59 
4/1/60 
4/13/60 
6/22/60 
6/22/60 
11/23/60 
3/11/60 
12/7/60 
1/31/61 
2/17/61 
2/18/61 
4/8/61 
4/27/61 
6/29/61 
6/29/61 
7/7/61 
SITE 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
WTR 
WTR 
WTR 
WTR 
ETR 
ETR 
ETR 
WTR 
PERIGEE* APOGEE 
224 
40 5 
163 
.9 871AU 
3 46 
120 
430 
232 
3 89 
3 82 
.806lAU 
3 87 
143 
300 
177 
149 
126 
304 
534 
534 
146 
1584 
2462 
1372 
1 . 1 4 2 ~ ~  
676 
1032 
468 
463 
665 
657 
995AU 
452 
426 
350 
486 
659 
882 
1113 
623 
634 
503 
::Indicates m i l e s  except where noted. 
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TABLE I (Cont 'd . )  
Log of  1958-68 Space Pro.jects - Class # 1 
I n t ' l .  P r o  j .  
Name Desig. D i r .  Date S i t e  Perigee Apogee 
TIROS 3 1961 P 1  NASA 7/12/61 ETR 461 506 
MIDAS 3 1961 C1 USAF 7/12/61 WTR 2130 2130 
DISCOVERER 30 1961 521 USAF 9/12/61 WTR 154 3 45 
EXPLORER 1 2  1961 ~l N A S A  8/15/61 ETR 182 48,000 
MIDAS 4 1961 A A ~  USAF 10/21/61 WTR 2058 2324 
TRANSIT 4 B  
TRAA C 
RANGER 3 
TIROS 4 
os0 1 
NONE 
ARIEL 1 
NONE 
TIROS 5 
TELSTAR 1 
1961 AH 1 
1961 AH 2 
1962 A 1  
1962 B1 
1962 zi 
1962 K1 
1962 0 1  
1962 C1 
1962 A A 1  
1962 AE 1 
USN 
USN 
NASA 
NASA 
NASA 
USAF 
NASA/UK 
USAF 
N A S A  
AT&T 
11/15/61 
11/15/61 
1/26/62 
2/8/62 
3/7/62 
4/9/62 
4/26/62 
5/15/62 
6/19/62 
7/10/62 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
ETR 
WTR 
ETR 
ETR 
5 82 
562 
.9839AU 
441 
3 44 
1731 
242 
180 
367 
593 
700 
720 
1 . 1 6 3 ~ ~  
525 
3 70 
2116 
754 
401 
604 
3503 
MARINER 2 1962 AP 1 N A S A  8/26/62 ETR .7046AU 1.229AU 
TIROS 6 1962 A \ k l  NASA 9/18/62 ETR 423 444 
EXPLORER 1 4  1962 B r l  NASA 10/2/62 ETR 174 61,190 
RANGER 5 1962 B H 1  NASA 10/18/62 ETR .9490AU 1.052AU 
EXPLORER 1 5  1962 B N  NASA 10/27/62 ETR 194 10,760 
ANNA 1 B  1962 BM1 USN 10/31/62 ETR 670 728 
I N J U N  3 1962 BT2 USAF/USN 12/12/62 WTR 153  1729 
RELAY 1 1962 BTl  NASA 12/13/62 ETR 819 4612 
EXPLORER 16 1962 BX1 N A S A  12/16/62 W I  466 733 
EXPLORER 17 1963 9 A  NASA 4/2/63 ETR 158 568 
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Name 
TELSTAR 2 
NONE 
ERS 5 
ERS 6 
NONE 
TIROS 7 
-
H I T C H - H I K E R  1 
GEOPHYSICAL 
RESEARCH 
SATELLITE 
ERS 9 
SYNCOM 2 
NONE 
VELA 1 
VELA 2 
EXPLORER 18 
TABLE I (Cont 'd . )  
Log of  1958-68 Space P r o j e c t s  - Class # 1 
ATLAS-CENTAUR 2 
EXPLORER 19 
TIROS 8 
GGSE 1 
SECOR 1 
SOLRAD 7A 
RELAY 2 
ECHO 2 
SATURN SA-5 
I n t ' l ,  
Desig. 
1963 1 3 A  
1963 14A 
1963 1413 
1963 14C 
1963 22A 
1963 2 4 ~  
1963 25B 
1963 2 6 ~  
1963 30B 
1963 3 1 A  
1963 38C 
1963 39A 
1963 39C 
1963 46A 
1963 47A 
1963 53A 
1963 54A 
1964 1 B  
1964 I C  
1964 1 D  
1964 3 A  
1964 4 A  
1964 5 A  
Pro  j. 
D i r .  
AT&T 
USAF 
USAF 
USAF 
USN 
NASA 
USAF 
USAF 
USAF 
NASA 
US AF/U SN 
USAF 
USAF 
NASA 
NASA 
NASA 
NASA 
USN/USA 
u SN /U SA 
USN/USA 
NASA 
NASA 
NASA 
-28- 
Date 
5/7/63 
5/9/63 
5/9/63 
6/15/63 
5/9/63 
6/19/63 
6/26/63 
6/28/63 
7/18/63 
9/28/63 
7/26/63 
10/16/63 
10/16/63 
11/26/63 
11/27/63 
12/19/63 
12/21/63 
1/11/64 
1/11/64 
1/11/64 
1/21/64 
1/25/64 
1/19/64 
S i t e  
ETR 
WTR 
WTR 
WTR 
WTR 
ETR 
WTR 
W I  
WTR 
ETR 
WTR 
ETR 
ETR 
ETR 
ETR 
WTR 
ETR 
WTR 
WTR 
WTR 
ETR 
WTR 
ETR 
Perigee Apogee 
604 6713 
2249 2290 
224.1 2297 
2238 2282 
463 528 
3 85 401 
201 2571 
267 
2276 
22', 062 
667 
63 441 
62,806 
119 
303 
366 
430 
5 60 
563 
563 
1298 
642 
164 
80 8 
2319 
22,750 
705 
70 , 631 
72,974 
122,522 
1093 
1487 
474- 
5 85 
5 82 
5 82 
4606 
816 
471 
Name 
ARIEL 2 
VELA 3 
VELA 4 
ERS 13 
NONE 
SYNCOM 3 
NONE 
EXPLORER 20 
OGO 1 
EXPLORER 2 1  
EXPLORER 22 
MARINER 3 
EXPLORER 23 
EXPLORER 24 
EXPLORER 25 
MARINER 4 
NONE 
EXPLORER 26 
TIROS 9 
os0 2 
LES 1 
PEGASUS 1 
GGSE 2 
GGSE 3 
TABLE I (Cont 'd . )  
Log of 1958-68 Space P roe jec t s  - Class # 1 
I n t ' l .  
Desig. 
1964 1 5 A  
1964 4OA 
1964 4OB 
1964 4oc 
1964 45B 
1964 47A 
1964 48A 
1964 5 1 A  
1964 54A 
1964 60A 
1964 64A 
1964 73A 
1964 74A 
1964 76A 
1964 76B 
1964 77A 
1964 83C 
1964 86A 
1965 4A 
1965 7A 
1965 8 C  
1965 9A 
1965 1 6 ~  
1965 16C 
Pro  j . 
D i r .  Date S i t e  Perigee Apogee 
NASA/UK 3/27/64 WI 180 843 
USAF 
USAF 
USAF 
USAF 
NASA 
USAF 
NASA 
N A S A  
NASA 
NASA 
NASA 
NASA 
NASA 
NASA 
NASA 
USAF/UST\T 
NASA 
NASA 
NASA 
USAF 
NASA 
USAF/ 
USN/  
U S A  
7/17/64 
7/17/64 
7/17/64 
8/14/64 
8/19/64 
8/21/64 
8/25/64 
9/4/64 
10/3/64 
10/9/64 
11/5/64 
11/6/64 
11/21/64 
11/28/64 
12/12/64 
12/21/64 
11/21/64 
1/22/65 
2/3/65 
2/11/65 
2/16/65 
3/9/65 
3/9/65 
ETR 
ETR 
ETR 
WTR 
ETR 
WTR 
WTR 
ETR 
ETR 
WTR 
ETR 
W I  
WTR 
WTR 
ETR 
WTR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
WTR 
63, 369 65,024 
58,766 69,482 
120 64,886 
163 2332 
22, 164 22, 312 
217 226 
5 41 634 
175 92,827 
122  59,253 
5 49 669 
.6150AU . 8 1 5 5 A U  
288 609 
3 44 1 5 5 1  
345 1547 
1.1089AU 1.573OAU 
639 672 
190 16,280 
43 5 160 2 
3 43 393 
1726 1744 
308 462 
562 5 83 
562 5 83 
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Name 
SOLRAD 7B 
SECOR 3 
OSCAR 3 
SURCAL 
SURCAL 
SECOR 2 
SNAPSHOT 
SECOR 4 
EARLY BIRD 
EXPLORER 27 
LES 2 
PEGASUS 2 
EXPLORER 28  
VELA 5 
VELA 6 
ERS 17  
PEGASUS 3 
SECOR 5 
TABLE I ( C o n t ' d . )  
Log o f  1958-68 Space P r o j e c t s  - Class # 1 
I n t ' l .  
Desig. 
1965 16D 
1965 16E 
1965 16F 
1965 16G 
1965 16H 
1965 17B 
1965 27A 
1965 27B 
1965 28A 
1965 32A 
1965 34B 
1965 39A 
1965 42A 
1965 58A 
1965 5 8 B  
1965 58C 
1965 60A 
1965 63A 
ATLAS-CENTAUR 6 1965 64A 
SURCAL 1965 65B 
SURCAL 1965 65C 
SURCAL 1965 653 
NONE 1965 65F 
SURCAL 1965 65H 
SURCAL 1965 65L 
P r o  j. 
D i r .  
USAF/ 
USN/  
USA 
USN/USA 
USAF/USA 
US AF/U SA 
csc 
NASA 
USAF 
NASA 
NASA 
USAF 
USAF 
USAF 
NASA 
USA 
NASA 
U SN 
u SN 
USN 
USN 
USN 
U SN 
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Date 
3/9/65 
3/9/65 
3/9/65 
3/9/65 
3/9/65 
4/3/65 
4/3/65 
4/6/65 
3/11/65 
4/29/65 
5/6/65 
5/25/65 
5/29/65 
7/20/65 
7/20/65 
7/20/65 
7/30/65 
8/10/65 
8/11/65 
6/13/65 
8/13/65 
8/13/65 
8/13/65 
8/13/65 
8/13/65 
S i t e  
WTR 
WTR 
WTR 
WTR 
WTR 
WTR 
WTR 
WTR 
ETR 
W I  
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
W I  
ETR 
WTR 
WTR 
WTR 
WTR 
WTR 
WTR 
Perigee 
562 
562 
565 
564 
563 
206 
80 5 
797 
21)  748 
5 84 
1757 
314 
1 2 1  
66 ) 476 
63 ) 217 
129 
323 
702 
105 
6 80 
6 80 
6 80 
6 80 
6 80 
6 80 
Apogee 
5 83 
5 83 
5 85 
5 85 
5 86 
624 
82 6 
816 
2 2 )  733 
819 
9384 
466 
163) 831 
72)  234 
75 2 561 
69 ) 723 
336 
1503 
509) 829 
73 8 
738 
738 
738 
73 8 
73 8 
Name 
ov1 2 
OGO 2 
ov2 1/LCS2 
EXPLORER 29 
EXPLORER 30 
EXPLORER 31 
PIONEER 6 
ov2 3 
LES 4 
OSCAR 4 
LES 3 
ESSA 1 
ESSA 2 
ov1 4 
ov1 5 
OV3 1 
NIMBUS 2 
EXPLORER 32 
OGO 3 
SECOR 6 
ERS 1 6  
OV3 4 
GGTS 1 
IDCSP 1 
TABLE I ( C o n t T d . )  
Log of 1958-68 Space Pro ; jec ts  - Class # 1 
I n t ' l .  
1965 78A 
1965 8 l A  
1965 82A 
1965 89A 
1965 93A 
1965 98B 
1965 105A 
1965 108A 
1965 1 0 8 B  
1965 108C 
1965 108D 
1966 8 A  
1966 16A 
1966 25A 
1966 25B 
1966 34A 
1966 40A 
1966 44A 
1966 49A 
1966 5 1 B  
1966 5 1 C  
1966 52A 
1966 53A 
1966 53B 
P r o  j .  
D i r .  Date 
USAF 10/5/65 
NASA 10/14/65 
USAF 10/15/65 
NASA 11/6/65 
USN/NASA 11/18/65 
-
NASA 
NASA 
USAF 
USAF 
USAF 
USAF 
ESSA 
ESSA 
USAF 
USAF 
USAF 
NASA 
NASA 
NASA 
USAF/USA 
USAF/USA 
USAF 
USAF 
USAF 
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11/28/65 
12/21/65 
12/21/65 
12/21/65 
12/21/65 
2/28/66 
12/16/65 
2/3/66 
3/30/66 
3/30/66 
4/22/66 
5/15/66 
5/25/66 
6/6/66 
6/9/66 
6/9/66 
6/10/66 
6/16/66 
6/16/66 
S i t e  
WTR 
WTR 
ETR 
ETR 
W I  
WTR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
WTR 
WTR 
WTR 
ETR 
ETR 
WTR 
WTR 
W I  
ETR 
ETR 
- Perigee 
256 
260 
439 
693 
440 
314 
0. 814AU 
110 
124 
101 
1 2 1  
43 2 
843 
5 50 
613 
220 
684 
173 
170 
104 
112 
399 
20 ) 913 
20 ) 923 
Apogee 
2146 
941 
492 
1414 
548 
1850 
0.985AU 
20)  903 
20 ) 890 
20 ) 847 
20 ) 477 
5 21 
885 
630 
659 
3568 
734 
1629 
75 ) 769 
2266 
2251 
2939 
21,051 
21,053 
Name 
IDCSP 2 
IDCSP 3 
IDCSP 4 
IDCSP 5 
IDCSP 6 
IDCSP 7 
PAGEOS 
EXPLORER 33 
ov1 8 
OV3 3 
PIONEER 7 
SECOR 7 
ERS 1 5  
ESSA 3 
SECOR 8 
INTELSAT 2 A  
O V 4  3 
OV4 1 R  
OV4 1 T  
TABLE I (Cont’d.)  
Log o f  1958-68 Space Pro.jects - Class # 1 
I n t ’ l .  
Desig. 
1966 53C 
1966 53D 
1966 533 
1966 53F 
1966 5 3 G  
1966 53H 
1966 56A 
1966 58A 
1966 63A 
1966 70A 
1966 75A 
1966 77B 
1966 77c 
1966 8711 
1966 89B 
1966 96A 
1966 99A 
1966 99B 
1966 99D 
LUNAR ORBITER 2 1966 100A 
ATS 1 1966 110A 
ov1 9 1966 1 1 1 A  
ov1 10 1966 1 1 1 B  
PACIFIC 1 1967 1 A  
P ro  j . 
D i r .  
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
NASA 
NASA 
USAF 
USAF 
NASA 
USAF/USA 
US AF/U SA 
ESSA 
USAF 
csc 
USAF 
USAF 
USAF 
NASA 
NASA 
USAF 
USAF 
csc 
Date 
6/16/66 
6/16/66 
6/16/66 
6/16/66 
6/16/66 
6/16/66 
6/23/66 
7/1/66 
7/13/66 
8/4/66 
8/19/66 
8/19/66 
8/17/66 
10/2/66 
10/26/66 
10/5/66 
11/3/66 
11/3/66 
11/3/66 
11/6/66 
12/6/66 
12/11/66 
12/11/66 
1/11/67 
S i t e  
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
ETR 
WTR 
WTR 
ETR 
WTR 
WTR 
WTR 
WTR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
WTR 
ETR 
Perigee 
20,927 
20,936 
20,935 
20,949 
20,936 
20,948 
2607 
9 880 
612 
220 
1. O l O A U  
2287 
2280 
860 
2287 
2088 
187 
181 
181 
129 
22) 277 
297 
403 
22,244 
Apogee 
21,066 
21,088 
21,194 
21 ,258  
21,139 
21,350 
2662 
270,560 
63 5 
27 80 
1 . 1 2 5 A U  
2299 
2300 
923 
2304 
23,014 
188 
181 
190 
1147 
22 ) 920 
3004 
479 
22,257 
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TABLE I (Cont 'd . )  
Log of  1958-68 Space P r o j e c t s  - Class # 1 
Name 
IDCSP 8 
IDCSP 9 
IDCSP 10 
IDCSP 11 
IDCSP 1 2  
IDCSP 13  
IDCSP 14  
IDCSP 1 5  
ESSA 4 
LUNAR ORBITER 3 
os0 3 
ATLANTIC 2 
ATS 2 
ESSA 5 
VELA 7 
VELA 8 
ERS 18 
OV5 3 
OV5 1 
LUNAR ORBITER 4 
ARIEL 3: 
EXPLORER 34 
I n t ' l .  
Desig. 
1967 3 A  
1967 3 B  
1967 3C 
1967 30 
1967 3E 
1967 3F 
1967 3 G  
1967 3H 
1967 6 A  
1967 8 A  
1967 20A 
1967 2 6 ~  
1967 3 1 A  
1967 3 6 ~  
1967 4OA 
1967 4OB 
1967 lcoc 
1967 40D 
1967 4OE 
1967 41A 
1967 42A 
1967 5 1 A  
P r o  j .  
D i r .  
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
ESSA 
NASA 
NASA 
csc 
NASA 
ESSA 
USAF 
USAF 
USAF 
USAF 
USAF 
N A S A  
UK 
NASA 
Date 
1/18/67 
1/18/67 
1/18/67 
1/18/67 
1/18/67 
1/18/67 
1/18/67 
1/18/67 
2/4/67 
3/8/67 
4/5/67 
1/26/67 
3/22/67 
4/20/67 
4/28/67 
4/28/67 
4/28/67 
4/28/67 
4/28/67 
5/4/67 
5/5/67 
5/24/67 
S i t e  
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
ETR 
ETR 
ETR 
ETR 
WTR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
WTR 
- Perigee 
20, 835 
20 , 854 
20 , 875 
20 , 867 
20,901 
20 , 923 
20,932 
20,935 
822 
124 
336 
22,246 
1 1 5  
840 
67 , 804 
67,238 
5357 
5357 
5357 
1681 
306 
154 
Apogee 
21,038 
21,031 
21,036 
2 1  , 063 
21,089 
21,128 
2 1  , 192 
2 1  , 275 
89 4 
1150 
354 
22,254 
6947 
$83 
69 , 991 
71 , 674 
69 , 316 
69 , 316 
69 , 316 
3750 
373 
131 , 187 
:::Exception made here  because ARIEL 3 is  a w e l l  documented f l i g h t .  
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Name 
SURCAL 
GGSE 4 
GGSE 5 
SURCAL 
SURCAL 
MARINER 5 
SECOR 9 
AURORA 1 
IDCSP 16 
-
IDCSP 17  
IDCSP 18 
DATS 1 
DODGE 
LES 5 
EXPLORER 35 
OGO LL 
LUNAR ORBITER 5 
PACIFIC 2 
os0 4 
ATS 3 
ESSA 6 
OV3 6 
PIONEER 8 
TTS 1 
EXPLORER 36 
TABLE I (Cont’d.)  
Log of  1958-68 Space Proejects  - Class # 1 
I n t ’ l .  
Desig. 
1967 53B 
1967 53C 
1967 53D 
1967 53F 
1967 535 
1967 60A 
1967 65A 
1967 65B 
1967 6 6 ~  
1967 66c 
1967 66D 
1967 663 
1967 66F 
1967 66G 
1967 70A 
1967 73A 
1967 75A 
1967 94A 
1967 100A 
1967 1 1 1 A  
1967 1 1 4 A  
1967 120A 
1967 123A 
1967 123B 
1968 02A 
Pro j 
D i r .  
USAF/USN 
USAF/USN 
USAF/USN 
US AF/U SN 
USAF/USN 
USA/USN 
USA/USN 
NASA 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
NASA 
NASA 
NASA 
csc 
NASA 
NASA 
ESSA 
USAF 
NASA 
NASA 
NASA 
Date 
5/31/67 
5/31/67 
5/31/67 
5/31/67 
6/14/67 
5/31/67 
6/29/67 
6/29/67 
7/1/67 
7/1/67 
7/1/67 
7/1/67 
7/1/67 
7/1/67 
7/19/67 
8/1/67 
7/28/67 
9/27/67 
10/18/67 
11/10/67 
11/5/67 
12/4/67 
12/13/67 
12/13/67 
1/11/68 
S i t e  
WTR 
WTR 
WTR 
WTR 
WTR 
ETR 
WTR 
WTR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
ETR 
WTR 
ETR 
ETR 
ETR 
ETR 
WTR 
WTR 
ETR 
ETR 
WTR 
Perigee 
5 70 
5 69 
5 70 
5 69 
5 69 
2362 
2370 
20,509 
20,542 
20,582 
20,620 
20,692 
20,661 
500 
256 
1 2 2  
22,220 
334 
22 228 
876 
252 
1. OAU 
182  
63 5 
Apogee 
5 82 
577 
575 
575 
577 
2451 
245 8 
20 846 
20 , 857 
20 7 875 
20 884 
20 y 894 
20,866 
4600 
564 
3738 
22,245 
354 
22 254 
925 
271 
1 . 1 A U  
300 
926 
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TABLE I1 
“ I n s i d e  Orb i t sy1  ( I )  
T o t a l  L i s t  for lTRadiat ionlessl’  O r b i t s  ((700 m i l e s )  
Des igna t ion  
1. 1965 60A Pegasus 3 
2. 1965 9A Pegasus 1 
3. 1965 39A Pegasus 2 
4. 1961 A H 1  T r a n s i t  4B 
5.  1962 Z1 os0 1 
6. 1966 99A OV4 3 
7. 1966 99B OV4 1 R  
8. 1966 99D OV4 1 T  
9.  1965 7A os0 2 
10. 1967 20A OS0 3 
11. 1967 123B TTSl 
1 2 .  1967 100A OS0 4 
N A S A  
N A S A  
NASA 
USN 
N A S A  
USAF 
USAF 
USAF 
NASA 
NASA 
N A S A  
N A S A  
13.  1961 P1 
14. 1962 B1 
1 5 .  1960 B2 
16. 1960 11-1 
18. 1960 P2 
19. 1964 7kA 
20 
2 1  
22. 
23 * 
24. 
25 
26. 
27. 
28. 
29 
17. 1959 1-1 
1963 9A 
1962 A A 1  
1962 A q l  
1963 24A 
1963 54A 
1965 93A 
1960 H1 
1960 H 2  
1961 0 1  
1961 02 
30. 1964 1 D  
31. 1964 1 C  
32. 1964 1 B  
33 9 
34. 
35. 
36. 
38* 
39 9 
40 
37. 
1967 53B 
1967 53c 
1967 53D 
1967 53F 
1967 535 
1965 16B 
1965 1 6 C  
1965 16D 
T i r o s  3 NASA 
T i r o s  4 NASA 
T i r o s  1 N A S A  
T i r o s  2 NASA 
Exp lo re r  7 NASA 
T r a n s i t  1 B  ARPA 
Exp lo re r  23 N A S A  
Exp lo re r  17  N A S A  
T i r o s  5 NASA 
T i r o s  6 N A S A  
T i r o s  7 N A S A  
T i r o s  8 N A S A  
Exp lo re r  30 USN/NASA 
T r a n s i t  2 A  USN 
S o l r a d  1 USN 
T r a n s i t  4A USN 
I n j u n  I/ U SN 
S o l r a d  3 
S o l r a d  7A USN/USA 
Secor  1 USN/USA 
GGSE 1 u SN/U s A 
S u r c a l  USAF/USN 
GGSE 4 USAF/USN 
GGSE 5 USAF/USN 
S u r c a l  USAF/USN 
S u r c a l  USAF/USN 
GGSE 2 
GGSE 3 
u SN /U s A/U s AF 
USN /USA /U SAF 
S o l r a d  7B USN/USA/USAF 
P m i l e s  
323 
308 
3 14  
5 82 
3 44 
188 
181 
181 
3 43 
336 
182 
334 
461 
441 
430 
3 87 
3 46 
232 
288 
1 5  8 
367 
423 
3 85 
43 0 
440 
3 89 
3 82 
534 
534 
A m i l e s  
336 
462 
466 
700 
3 70 
187 
181 
190 
393 
354 
300 
354 
T min. 
95.3 
97.0 
97.3 
105.6 
96.2 
90.6 
90.4 
90.7 
96.5 
95.9 
92.3 
95.7 
28.9 
31.7 
31.7 
32.4 
32.8 
32.8 
32.8 
32.9 
32.8 
32.9 
32.9 
32.9 
506 100.4 47.8 
525 100.4 48.3 
468 99.2 48.3 
452 98.3 48.5 
101 .2  50.3 676 
463 95.8 51.3 
610 99.2 51.9 
568 96.4 57.6 
604 100.5 58.1 
444 98.7 58.2 
4/73 99.3 58.5 
548 102.8 59.7 
665 101.7 66.7 
657 101.6 66.8 
623 103.7 67.0 
634 103.8 67.0 
578 103.5 69.9 
578 103.5 69.9 
5 85 103.5 70 
5 82 103.5 70 
401 97.4 58.2 
577 103.4 70 
575 103.4 70 
575 103.4 69.9 
577 103.4 70.0 
5 83 103.5 70.1 
5 83 103.5 70.1 
5 83 103.4 70.1 
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TABLE I1 (Con t ' d . )  
" Ins ide  Orb i t s "  ( I )  
41 
42 
43 * 
44 
45 
4.6. 
47 
48 
49 
50. 
51 .  
52. 
53 9 
54. 
55. 
56. 
57. 
58. 
59 
60. 
61. 
62. 
63 
64 9 
65 
T o t a l  L i s t  f o r  TTRadiat ionlessTT O r b i t s  (<700 m i l e s )  
Designation P m i l e s  
1965 16E 
1965 16F 
1965 1 6 ~  
1965 16H 
1965 64A 
1964 5 1 A  
1960 Z l  
1961 E l  
1961 Z1 
1961 A K 1  
1962 E1 
1967 42A 
1967 73A 
1964 83C 
1964 83D 
1963 38C 
1965 17B 
1963 22A 
1966 1 1 1 B  
1966 8 A  
1961 A 1  
1965 5 1 A  
1964 48A 
1966 25A 
1966 25B 
S e c o r  3 USN/USA/USAF 
Osca r  3 u SN /u s A/U s AF 
Surca l  u SN/US A/U SAF 
S u r c a l  USN/USA/USAF 
Exp lo re r  22 NASA 
Explorer 20 NASA 
Discoverer  18 USAF 
Discoverer  20 USAF 
Discoverer 2 1  USAF 
Discoverer  36 USAF 
None USAF 
A r i e l  396 UK 
OGO 4 
None 
None 
None 
S e c o r  2 
None 
ov1-10 
ESSA 1 
Samos 2 
T i r o s  10 
None 
ov1 4 
ov1 5 
N A S A  
US AF/USN 
USAF/USN 
USAF/USN 
USN 
U S A  
USAF 
ESSA 
USAF 
N A S A  
USAF 
USAF 
USAF 
562 
565 
564 
563 
5 49 
5 40 
143 
177 
149 
148 
180 
306 
256 
639 
639 
667 
206 
463 
403 
432 
300 
45 8 
217 
550 
613 
A m i l e s  T min. 
564 
672 
672 
705 
624 
528 
479 
5 2 1  
350 
517 
226 
630 
659 
103.5 
103.5 
103 5 
103.5 
104.7 
103.9 
93.8 
95.4 
93.8 
91.5 
94.0 
95.6 
98 .1  
106.3 
106.3 
98.0 
100.7 
100 2 
107 4 
98.9 
95 
100.6 
91.6 
103.9 
104.4 
70.1 
70.1 
70.1 
70.1 
79.7 
79.9 
80.8 
80.4 
80.4 
81.2 
82.5 
80.2 
86 
90 
90 
89 09 
89 09 
90 
9395 
97.9 
97.0 
98.6 
1 1 5  
144- 5 
144.7 
:: Note:  Well documented f l i g h t  a l though n o t  a NASA or DOD. 
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TABLE I11 
" F i r s t  Belt" O r b i t s  ( B )  1500 - 2500 Miles 
De s i g n a t i o n  P m i l e s  A m i l e s  
1. 1961 21 Midas 3 USAF 
2. 1961 A A ~  Midas 4 USAF 
3. 1963 14A None USAF 
4. 1963 14B ERS 5 USAF 
5. 1963 l4C ERS 6 USAF 
6. 1963 30B ERS 9 USAF 
7. 1965 8 C  LES 1 USAF 
8. 1966 77B Secor  7 USAF/USA 
9.  1966 77C ERS 1 5  USAF/USA 
10. 1966 89B Secor  8 USAF 
11. 1967 65A S e c o r  9 USA/USN 
1 2 .  1967 65B Aurora 1 USA/USN 
2130 
2058 
2249 
2241 
2238 
2276 
1726 
2287 
2280 
2287 
2362 
2370 
2130 
2324 
2290 
2297 
2282 
2319 
1744 
2299 
2300 
2304 
2451 
2458 
T min. 
160 
166 
166.6 
166.5 
166.5 
167 9 9 
147 7 
167.6 
167.5 
167.6 
172.1 
172.1 
00 
91.1 
95.9 
87.4 
87.4 
87.3 
88. I!+ 
32.2 
90.1 
90 .1  
90.2 
89.8 
89.8 
-37- 
TABLE I V  
Geostat ionary O r b i t s  ( S )  
Designation P m i l e s  A m i l e s  T m i n .  80 
1. 1963 31A Syncom 2 NASA 22,062 22,750 1454 33.1 
2. 1964. 47A Syncom 3 NASA 22,164 22 ,  312 1436.2 0 .1  
3. 1965 28A E a r l y  B i rd  CSC 21,748 22,733 1436.4 0 .1  
4. 1966 53A 
5 .  1966 53B 
6. 1966 53C 
7. 1966 53D 
8. 1966 533 
9.  1966 53F 
10. 1966 5 3 G  
11. 1966 53H 
1 2 .  1966 1 1 0 A  
GGTS 1 
IDCSP 1 
IDCSP 2 
IDCSP 3 
IDCSP 4 
IDCSP 5 
IDCSP 6 
IDCSP 7 
ATS 1 
13. 1967 3A IDCSP 8 
lk. 1967 3 B  IDCSP 9 
1 5 .  1967 3C IDCSP I O  
16.  1967 3D IDCSP 11 
17. 1967 3E IDCSP 1 2  
18. 1967 3F IDCSP 13 
19. 1967 3 G  IDCSP 14  
20. 1967 3 H  IDCSP 1 5  
21. 1967 2 6 ~  A t l a n t i c  2 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
NASA 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
USAF 
csc 
20,913 2 1 , 0 5 1  1334.2 0 . 1  
20,923 21,053 1334.7 0 .1  
20,927 21,066 1335 3 0 .1  
20, 936 21,088 1336.6 0 .1  
20,949 21 ,258  1344.0 0.1 
20,936 21,139 1338.6 0.2 
20,948 21,350 1347.6 0.0 
22,277 22 ,  920 660 0 .2  
20,935 21,194. 1340.8 0.0 
20,835 21,038 1330 
20,854 21 ,031  1331 
20,867 21,036 1332 
20,875 21,063 1333 
20,932 21,192 13 40 
20,935 2 1 ,  275 13 43 
22,246 22,254 1436.1 
20,901 21,089 1335 
20,923 2 1 , 1 2 8  1337 
0 .1  
0.0 
0.0 
0.0 
0.0 
0 .1  
0 .1  
0.0 
2.0 
22. 1967 66B IDCSP 16 USAF 20,509 20,846 1309.8 7.2 
23. 1967 66c IDCSP 17 USAF 20,542 20,857 1311.6 7.2 
24. 1967 661, IDCSP 18 USAF 20,582 20,866 1313 5 7.2 
25. 1967 663 DATS 1 USAF 20,620 20 , 875 1315 7.2 
26. 1967 66F DODGE U SN 20,661 20,884 1317 7.2 
27. 1967 66G LES 5 USAF 20,692 20 , 894 13 19 7.2 
28. 1967 94A P a c i f i c  2 C S C  22,220 22,245 1439 5 0.9 
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TABLE V 
D e e p  O r b i t s  ( 0 )  60,000 - 70,000 M i l e s  
fao D e  s igna t  ion  P m i l e s  A m i l e s  T m i n .  
1. 1963 39A V e l a  1 USAF 
2. 1963 39C V e l a  2 USAF 
3. 1964 40A V e l a  3 USAF 
4. 1964 40B V e l a  4 USAF 
5 .  1965 58A V e l a  5 USAF 
6. 1966 5 8 B  V e l a  6 USAF 
7. 1967 4OA V e l a  7 USAF 
8.  1967 40B V e l a  8 USAF 
63 , 441 70,031 10 5 38.3 
63 , 369 65,024 100.3 39.5 
62,806 72,974 108.7 38.0 
58,766 69 , 482 100.1 40.9 
66 , 476 72,234 110.9 35.2 
63 , 217 75,561 110.9 35.0 
67,804 69,991 111 * 0 32.2 
67,238 71,674 112.2  32.1 
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TABLE V I  
C i t a t i o n s  Obtained From 
From Computer L i t e r a t u r e  Searches 
Search Number o f  Number of  Number of  
Control Documents Documents Documents 
Number Cited Ordered Received 
NASA # 7140 930 219 35 
NASA # 74.00 (‘1 41 26 1 
DDC # 002510 (2) 67 19 0 
DDC # 000803 (‘1 94 40 32 
(1) Broad Coverage Searches 
(2) S p e c i f i c  Searches 
